For epidemiological studies, data are needed regarding the appearance and disappearance of classes of immunoglobulins after infection with replicating agents such as arboviruses. For example, knowledge of the temporal sequence of development of specific immunoglobulins in wild birds might permit accurate timing of infection. Recent infections would imply that the virus was still cycling in the area or, in the case of migrating birds, that the bird had recently arrived from an area in which the virus was active.
The sequence and timing of the appearance of immunoglobulins in species of gallinaceous birds (chickens, turkeys, pheasants, and Chinese quail), usually inoculated with massive doses of nonreplicating antigens, have been established within the last years (2, 8, 12, 14, 15, (18) (19) (20) . These antigens have included bovine and human serum albumin, keyhole limpet hemocyanin, mammalian erythrocytes, inactivated bacteria or viruses, bacterial components, and bacteriophage. Soluble antigens were shown to elicit an immunological response in chickens differing from that produced by particulate antigens (8, 15) . These studies utilized a replicating antigen, viz., Chlamydia sp., (14) , Japanese encephalitis virus (JE) (13) , and influenza virus (10) . Although many workers have experimentally infected birds with arboviruses (3, 4, 11, 21) or Newcastle disease virus (5) , their interest has been confined mainly to viremia levels and overall antibody development. One report (13) concerns transformation of immunoglobulins after two inoculations of a single adult fowl with large amounts of JE virus.
In the present study, we followed the immune response in wild-caught birds after inoculation with a small amount of a replicating arbovirus. Further, to facilitate epidemiological investigations, we explored the possibility of using the antibody response to estimate the time of onset of infections in samples from wild populations.
Three species of herons (family Ardeidae) were chosen for these studies because they inhabit and nest in colonies in areas in which Venezuelan encephalitis (VE) virus is endemic, and are occasionally infected naturally with this agent (7) . MATERIALS (17) . Initial antibody assays were performed on day 7 plasmas, thereby allowing time for the clearance of replicating antigens. The hemagglutination inhibition (HI) tests were performed by microtechniques previously Aescribed (6) . Plasma samples to be tested for HI antibody were extracted twice with acetone to remove nonspecific inhibitory lipids prevalent in bird blood and adsorbed once with 0.025 ml of packed goose erythrocytes to remove nonspecific goose cell agglutinins. Serum dilution neutralization (N) tests were performed in primary CEC cultures grown in disposable plastic plates with 2-cm2 wells, as described previously (16) .
Antigens for use in HI tests were prepared by using strain 64A87 virus in (i) CEC by the methods used in the preparation of Vero hemagglutinins (22) GE. The time of appearance of HI antibody in plasma was remarkably consistent in 14 of the 15 GE, including the bird inoculated at 1 year of age. In 14 birds, HI antibody was detectable by day 7 and the mean peak titer was attained by days 10 to 11. The 15th bird, although viremic on days 1 and 2 post-inoculation, developed only low levels of HI antibody (1:10) by day 28 post-inoculation and was not included in further studies. Titers decreased rapidly at first and then at a low rate through day 34 (Fig. 1A) . All pre-inoculation plasmas, including those of five birds received from Florida, were negative for HI antibodies, and the Florida birds were also negative for N antibodies to VE virus. Viremia was not detected in two birds that produced only low levels of antibody, whereas all others developed titers of 1.0 to 4.5. Viremia lasted 1 to 4 days.
HI antibody activity was detected in the 19S fraction on days 7 to 9 (Fig. 1A) . By days 10 and 11, maximum levels of 19S and small amounts of 7S HI antibody were present. By day 21 and thereafter, 19S antibody had disappeared and all HI antibody was 7S. HI antibody present in fraction 5 of early plasmas (day 7) was considered to be 19S, and in late plasmas (days 29 and 36) it considered to be 7S.
HI antibody results correlated well with N test results ( Table 1 ). The N test proved to be slightly more sensitive than the HI test since it detected low levels of antibody in a few fractions that were negative by the HI test (e.g., day 7, fraction 1, and day 13, fractions 2, 3, and 5).
SE. In seven SE, HI antibody titers were lower than those of GE during the first 2 weeks after inoculation of virus but were similar thereafter (Fig. 1B) . All SE developed viremia titers of 1.9 to 3.7. 11, 1975 whole plasma. 7S antibody continued to increase in amount for the next 2 to 3 weeks, whereas 19S antibody persisted at least until day 27. BCNH. Among 12 BCNH studied, two slightly different patterns of HI antibody development were observed in whole plasmas. All 12 birds responded to approximately the same extent by day 7 ( Fig. 2A and B) but, as time progressed, group A produced considerably more antibody than group B. Furthermore, HI antibody titers in group A continued to rise throughout the experimental period, whereas little change occurred in the titers of group B beyond day 7.
The six birds in group A were 6 to 11 days old when inoculated with either 320 or 106 PFU (two birds) of virus. Those in group B ranged from 6 to 26 days of age when inoculated with 320 PFU of virus. Differences in immune response could not be correlated with differences in age when The two birds of group A that received 1 million PFU of virus presented total immune responses similar to three others of the same age that received only 320 PFU of virus. HI antibody titers of these two birds on day 7 were 40 and 40 as compared with 20, 20, and 160 from the other three birds. On day 20 the titers were 320 and 640 as compared with 160, 320, and 640, respectively. Fractionated sera presented a similar picture in birds receiving inocula of different sizes. For example, day 14 HI titers of the 7S fraction from the two receiving the high level of inoculum and two of three receiving the lower inoculum were 5 and 20, and 10 and 40, respectively. BCNH developed viremia lasting 1 to 3 days and reaching levels of 1.0 to 4.5.
Two patterns of immunoglobulin production were discerned. On days 7 and 11, group B birds demonstrated 4 group. The 7S response was the opposite in that group A produced considerably more 7S antibody than did group B. When peak 7S titers were attained (days 35 and 21 in A and B, respectively), group A displayed 2.8 times the HI antibody titer shown by group B. As reflected in their respective plasma curves, immunoglobulin levels on the final days of testing were rising in group A but declining in group B. Despite marked differences between the two groups of BCNH in the amounts of 19S and 7S antibodies produced, the times of appearance and disappearance of the two molecular species were similar. In both groups, only 19S antibody was found on day 7, and 7S antibody was present on day 11. 19S disappeared by day 21, whereas 7S persisted for the remainder of the titration period.
DISCUSSION
This study represents one of the few extensive surveys of the development of 19S and 7S antibodies in avian hosts responding to a replicating antigen. The general pattern of early induction of 19S antibody followed by the slightly later induction of 7S antibody is similar to that observed with nonreplicating antigens. However, there is a 2-to 6-day prolongation in the induction period for both types of antibody and a marked delay in the development of peak titers of 7S antibody. Unfortunately, most studies in which replicating antigens were inoculated into birds were not designed to detect subtle differences in the induction and peak titer times of HI or N antibodies. In some individual BCNH, plumed egrets, and little egrets (a superspecies with SE) inoculated with JE virus, HI activity was demonstrated before N activity, whereas in others HI and N activity was detected simultaneously (3) , as was the case with bobwhite quail inoculated with Western encephalitis virus (21) . BCNH (13) . Because of the variety of methods used in testing for antibodies and variation in age and species of experimental birds and in protocol of experiments, caution is required in the evaluation of minor differences between antigens or timing of appearance of peak titers.
The injection of high doses of VE virus into two BCNH did not appear to affect the timing of antibody response or antibody titers obtained. This is consistent with previous studies in which amounts of antigen inoculated did not seem to influence early HI levels in chicks (11) , N levels in GE or SE inoculated with Eastern encephalitis virus (4), or duration of IgM response in chicks immunized with bovine serum albumin (18) . In contrast, only two of five 7-day-old chicks inoculated with 19 suckling mouse intracranial mean lethal doses of JE virus developed HI antibody by day 8, whereas all five inoculated with 1.9 x 106 suckling mouse intracranial mean lethal doses responded within the same time period (3) . Two others of the first group developed antibodies by day 10, and by day 14 all chicks had comparable HI titers ranging from 160 to 640. HI tests are generally considered to be highly sensitive for detecting 19S immunoglobulin and less so for early 7S immunoglobulin (7, 11, 22) . In this study the differences appear to be slight. For example, 7S was detected by HI tests in day 7 plasma of SE (Fig. 1B) , whereas on days 7 and 13 the N test revealed trace levels of 19S in some fractions that were not detected by the HI test (Table 1) . With a few minor exceptions, HI and N techniques were equally sensitive in detecting both 19S and 7S immunoglobulins in the same sera (Table 1) .
Macroglobulins produced in the three heron species studied were detected for at least 2 weeks (GE, BCNH) to a month (SE) after primary infection with VE virus. Although 19S phage-neutralizing activity was detected in fowl sera for at least 44 days post-inoculation (15) , studies in chickens and pheasants inoculated with sheep erythrocytes indicated an earlier conversion to 7S similar to the pattern found in herons (2, 12) . If this progression of immunoglobulin development is uniform among bird species, the detection of virus-specific 19S in the blood of a wild bird could be interpreted as indicating infection within the last 7 to 30 days. Such data would assist epidemiologists in evaluating periods of activity of infectious agents of birds.
